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Three newN-methyl-4-hydroxy-2-pyridinone analoguesegioxysporidinone §), the dimethyl ketal of oxysporidinone
(4), and N-demethylsambutoxin5j, along with the known compounds-J-oxysporidinone 1), (—)-sambutoxin 2),
wortmannin 6), enniatin A ), enniatin A1 8), and enniatin B19) were isolated fronfFusarium oxysporuniN17B)

by bioassay-guided fractionation. Compoudsd3 showed selective fungistatic activity agaidspergillus fumigatus
and wortmannin had selective potent activity aga@etdida albicansModerate activity was observed with the enniatins
7—9 againsiC. albicans Cryptococcus neoformanandMycobacterium intracellulareCompound4—5 had no activity
against the agriculturally important fungusariumverticillioides (syn F. moniliformg and Aspergillus flaus.

Opportunistic fungal infections constitute a major cause of OH OH H |, o
morbidity and mortality in AIDS patientsThe drugs available for Ras LA 10 .
the treatment of these infections are of limited utility due to their s SRl 3 O " ,H:\"‘r\r\w
toxicity, adverse side reactions, and the frequent emergence of Rs Rz N2 0 21 22

resistant strain3.As a part of a program to identify new drug | “

candidates for the treatment of opportunistic fungal infections, we
have screened a number of extracts from various natural sources
against the following common opportunistic fungal pathogens:
Candida albicans, Cryptococcus neoformalycobacterium in-
tracellulare and Aspergillus fumigatusThe ethyl acetate extract

= =0
= =0
1=OH R2= H R3=R4 = OCH3

of the fungudFusarium oxysporurfN17B) showed broad-spectrum HO. OH H
antifungal activity. Previous studies &noxysporun{N17B) have H
shown that it produces a toxin that causes hemorrhaging and death | Yo %
in mice? and wortmannin has been identified as the compound o H\[/\[/\
responsible for this toxicity> Wortmannin, a powerful inhibitor |
of phosphatidylinositide 3-kinagewas shown to have antifungal Rs
properties.
) ) . . 2 Rs=CHj
Bioassay-guided fractionation of the ethyl acetate extraét. of 5 Rg=H

oxysporum(N17B) grown on rice medium gave two fractions with
selective activity againgt. fumigatusandC. albicans respectively,
and another with broad activity agair@talbicans C. neoformans
and M. intracellulare. Further purification of the fraction with
selective activity againsA. fumigatusled to the isolation of
compoundd and3 as the constituents responsible for the activity.
Compound1 had spectroscopic data includingi—13C NMR
correlations identical to those reported for oxysporidinone, which
was previously isolated from a different strain Fef oxysporunt.
However, the optical rotation observed for compouhd[a]p 6
—68.8) had the opposite sign of that reported for the previously

reported compound Jp +97)8 (+)-Oxysporidine was shown to

be active against several agriculturally important pathogenic fungi

including A. niger® Compound3 was identified as the'éydroxy ?1 Q

epimer of oxysporidinone. From the inactive fractions;)- OY\NV
sambutoxin 2) and two further 4-hydroxy-2-pyridinone analogues do (I o
(4 and 5) were isolated. Sambutoxin, a hemorrhagic mycotoxin, \f
has been isolated frofi. sambucinuni This is the first report of o“>N"  ONTR,

compoundsS—5 in nature. From the fraction with selective activity L o
againstC. albicans wortmannin 6) was isolated as the active ' o
Z o

constituent. Separation of the fraction with broad activity against
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Table 1. 'H NMR and'H—13C NMR Correlation Data (600 MHz, CDg)lof Compounds3—5

Notes

3 4 5
position o (mult. Jin Hz) [HMBC correlations]

6 7.24 (s) [1,2,4,5,23] 7.33(s) [12,5,6,23] 6.61 (s) [12,4,5]
7 ax 4.61 (brd, 11.4) [2,3,4] 4.94 (brd, 11.2) [2,4,8] 5.07 (dd, 11.4, 2.4) [3,4]
8 ax 2.12 (qd, 12.6, 3.0) 2.02 (brd, 12.0) 2.14 (dd, 12.6, 1.8)

eq 1.42 (brd, 12.6) 1.54 (brg, 12.6) 1264
9 ax 1.25(qd, 12.3, 3.0) 1.44 (qd, 12.4, 3.0) 1.48 (qd, 12.6, 3.0)

eq 1.84 (dd, 12.6, 3.0) 1.87 1.94 (dd, 13.2, 3.0)
10 ax 1.60 (m) 1.66 (M) 1.69 (m)
11 ax 3.34(d, 10.2)[9,12,13,19] 3.48 (d, 10.0) [10,12,13] 3.57(d, 10.0) [9,12,13,20]
13 5.12 (d, 9.0) [11,21] 5.18 (d. 9.6) [11] 5.23(d, 9.0) [11,14,20,21]
14 2.46 (heptet, 7.8) 2.47 (heptet, 7.6) 2.48 (heptet, 7.2) [13]
15 1.03[16,22] 1.04[13,14,16,17,22] 062[13,16,17,22]

1.17 (pentet 6.0) [16,22] 1.2913,14,16,17,22] 1.29(13,16,17,22]
16 1.3% 1.30* (20,21] 1.32[17]
17 1.37[18,22] 1.33[14,16] 1.37[18,22]
1.03[16,18,22] 1.02[[15,16] 1.07[18,15]

18 0.82 (t, 7.0) [16,17] 0.87 (t, 7.2) [17] 0.85 (t, 7.5) [17]
19 0.69 (d, 6.6) [10,11] 0.78 (d, 6.4) [9,10,11] 0.76 (d, 6.6) [10,11]
20 1.60 (s) [11,12,13] 1.62 (s) [11,12,13] 1.64 (s) [11,12,13]
21 0.87 (d, 6.6) [13,14,15] 0.90 (d, 6.4) [13,14,15] 0.92 (d, 6.5) [13,14,15]
22 0.81 (d, 6.6) [15,16,17] 0.87 (d, 6.4) [15,17] 0.84 (d, 6.50(25,16]
23 3.30 (s) [2,6] 3.43 (s) [2,6]
2 7.17 (d, 8.0) [45]

ax 2.32(ddd, 15.0, 12.0, 4.2) 2900

eq 2.19 (dt, 14.4, 4.2) [ ,6] 1.8
3 6.98 (d, 8.0) [1,3,4,5]

ax 2.07 (ddd, 18.0, 12.0, 4.2)'[4 177

eq 2.40 (dt, 18.0, 4.2) [R] 1.8%[21]
5 6.98 (d, 8.0) [1,3,4',5]

ax 2.78 (dd, 16.8, 4.8) [¥,6] 1.79[3',4,5,6]

eq 2.91 (dd, 16.8, 4.8) (¥,6] 2.22 (dd, 14.0, 4.4) [45,6]
6’ 7.17 (d, 8.0) [4',5]

ax 4.35(dd, 11.0, 4.4)

eq 4.90 (t, 4.8) [14]
OH 10.24 [3,4,5] 10.29
OMe 3.17.3.22, 4

aMultiplicity cannot be determined due to overlapping.

for this activity. The current study thus led to the isolation of three  The molecular formula of compoundi was determined to be
classes of compounds with different activity profiles against human CzoH4gNO-; on the basis of HRMS data. Thel NMR spectrum of
pathogenic fungi. However, various other activitiem toxici- 4 was similar to that of compountl® except for the presence of
ties6:9.10 gssociated with these classes would preclude them astwo additional methoxy groups resonatingdad.22 and 3.17 ppm
viable leads for the treatment of human fungal infections. in the former. The additional methoxy group signals were also
TheH NMR data of3 were similar to those of oxysporidinone  present in thé*C NMR spectrum of compound.® Furthermore,
(1) except for the signals in the cyclohexanone moiety. The major the 13C NMR spectrum of4 showed a high-field signal at 100.7
difference was the appearance of the 'tsiinal in3 as a triplet § ppm instead of a carbonyl signal ifh. This information, in
4.90) with a coupling constant of 4.8 Hz. This is in contrast to the combination with the molecular formula, suggested that compound
dd 0 = 10.8, 5.4 Hz) that appeared @®.65 for the same proton 4 is the dimethyl ketal of oxysporidinon&), COSY, HMQC, and
in oxysporidinone 1), suggesting an equatorial orientation for H-6 HMBC NMR spectroscopic correlations (Table 1) confirmed this
in 3. The mass spectrum did not afford a molecular ion but gave structure for compound. The possibility that compoundl could
the base peak at/z472.3067 [M+ H — H,O]* (calcd for GgHao- be formed as an artifact during the chromatographic process was
NOs, 472.3063), indicating ready elimination of thetg/droxyl eliminated by confirming its presence in the original ethyl acetate
group to generate a stable ion with egf-unsaturated carbonyl.  extract.
This evidence suggested that compo@nsithe 8-hydroxy epimer The relative configuration of compountiwas determined by
of oxysporidinone. COSY, HMBC, and HMQC NMR spectroscopic 'H NMR coupling constants and NOESY correlations. Large
correlations (Table 1) further supported this structure. coupling constants observed for H{&1.0, 4.4) indicated that this
The lack of NOESY correlations between the protons of the proton isin an axial configuration. Strong NOE interactions between
cyclohexanone ring and the rest of the molecule3gfrevented H-6' in the cyclohexane ring and H-6 in the pyridinone ring
the establishment of the relative configuration of the'@ydroxyl suggested that the pyridinone moiety is above the plane of the
group. Both H-7 and H-11 were determined to be axial on the basis cyclohexane ring. This would be possible only if the pyridinone
of coupling constants (11.4 and 10.2 Hz, respectively). The large ring is in equatorial position. Both H-7 and H-11 exhibited large
coupling constant of H-11 showed that H-10 is also in an axial coupling constants (11.2 and 10.0 Hz, respectively), indicating that
configuration, indicating that CH10 is in an equatorial position.  these two protons, as well as H-10, are in axial configurations. The
The E-configuration for the 12,13 double bond was established on configuration of the C12,13 double bond was assigned Bhe
the basis of the chemical shift of G0 and was further configuration based on the chemical shift value of€28'° and
supported by the absence of a NOE correlation betwees20H the lack of NOE interactions between B0 and H-13. The small
and H-13. The difference in the chemical shifts of C-21 and C-22 difference in thel3C NMR chemical shifts suggested amti
(1.2 ppm) indicated that they are in anti arrangement? On the arrangement for Ck21 and CH-221! This combined evidence
basis of this evidence, the chemical structure of comp&meas was used to establish the structure of compodiag the dimethyl
established as épioxysporidinone. ketal of oxysporidinonel).
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Table 2. 13C NMR Chemical Shift Assignment®) (150 MHZ,
CDCl;) of Compounds3—5
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indicated that the functional groups in the cyclohexyl ring are critical
for the antiA. fumigatusactivity of this class of compounds. Change

position 3 4 5 of configuration of the Bhydroxyl group resulted in reduction of
> 1633 1615 163.2 activity, and_the removal of the carbonyl or aromatlzatlon c_>f_the
3 109.0 111.0 110.1 cyclohexyl ring led to complete loss of the antifungal activity.
4 166.1 162.4 164.2 Wortmannin 6) exhibited potent selective activity towar@.
5 116.7 115.1 116.6 albicans Enniatins A {), Al (8), and B1 @) showed moderate
6 132.8 136.1 132.7 activity againsiC. albicans, C. neoformanandM. intracellulare
; ;S; ;gs ;Zg Compoundsl—5 were also evaluated against agriculturally impor-
9 331 323 323 tant fungiF. verticillioides and A. flavus using a disk assay but
10 321 326 32.7 showed no activity up to a concentration of 1 mg/mL.
11 91.9 92.7 92.8
12 133.6 130.2 129.9 Experimental Section
ii 128? 12333 133(?01 General Experimental Procedures.Melting points (uncorrected)
15 451 44.9 45.0 were recorded on an Electrothermal 9100 instrument. UV spectra were
16 318 322 323 obtained in CHGJ, using a Hewlett-Packard 8452A spectrometer.
17 29.1 29.2 29.2 NMR and*3C NMR spectra were recorded on Varian Mercury-400BB
18 11.5 11.4 12.0 (400 MHz forH NMR and 100 MHz fort3C NMR), Bruker Avance
19 17.8 17.8 18.0 DRX-500 (500 MHz for'H NMR and 125 MHz for’3C NMR), or
20 11.4 11.8 11.6 Varian Inova-600 (600 MHz fotH NMR and 150 MHz for*C NMR)
21 21.0 20.8 211 spectrometers, run in CDEwith TMS as an internal standard.
gg égg ;32 20.0 HRTOFMS were measured on an Agilent Series 1100 SL mass
1 76.4 749 125.1 spectrometer equipped with an ESI source. Preparative TLC was carried
> 335 320 1305 out using silica gel F 254 plates (thickness 1 mm). Preparative HPLC
3 35.1 27.2 115.6 was preformed on an Agilent 1100 series instrument equipped with a
4 207.6 100.7 156.4 photodiode array detector.
5 42.1 36.5 115.6 Organism and Fermentation. Isolation and identification of
6’ 90.3 69.3 130.5 Fusarium oxysporuntSchlecht. emend. Snyd. et Hans. N17B has

The'H and3C NMR data of compoun8 were very similar to
those of sambutoxih.The major differences were the lack of a

previously been reportet®. The fungal isolate was grown on rice
medium as previously describéd.

Extraction and Isolation. Rice (2.3 kg) inoculated withr. oxy-
sporumwas ground and extracted three times with ethyl acetate at room

N-CHjs signal and small changes in the chemical shifts of the protons temperature with sonication to give a thick gum (29 g). The hexane-
and carbons in the pyridinone moiety. This evidence indicated that soluble fraction (22 g) of this extract was chromatographed over silica
this compound is thé\-demethyl analogue of sambutoxin. The gel and eluted with an increasing concentration of ethyl acetate in
molecular formula, GHsNO,, suggested by HRMS was in  hexanes to give 19 fractions. Fractions 15 and 18 showed antifungal
agreement with this observation. COSY, HMQC, and HMBC NMR  activity. 3 _
spectroscopic correlations confirmed this structure. Fraction 15 was chromatographed over silica ge_l and eIute_d with

The 'H NMR coupling constants o5 showed that H-7J = ]E:HC.|3 and CHCl—MeOH (90:10) to give four fractions. The first
11.4, 2.4 Hz) is in an axial configuration. The large couplin raction Wa.s purified by preparative TLC on silica gel using Crc

’ ! contig 9 PING  MeoH (98:2) to give wortmannin as white crystals (16 mg). The

constant (10.0 Hz) of H-11 implied that both H-11 and H-10 are jgentity of this compound was confirmed by comparison of the reported
also in axial configurations. THEC chemical shift value of CH physical and spectroscopic datd* The second fraction yielded a
20" and the lack of NOE correlations between £20 and H-13 mixture of enniatins. This fraction was separated by preparative HPLC
were suggestive of aB-configuration for the 12,13 double bond. using a Luna 10 ¢(2) (250x 21 mm i.d., 1Qum particle size) column,
The 13C NMR chemical shift difference of C#21 and CH-22 with the mobile phase MeOHH.O (80:20), to give enniatin A7)
(1.1 ppm) showed that they are in @mti arrangement, as in (21 mg) and a fraction containing two compounds. This fraction was
sambutoxirt? This evidence established compoudas the separated using the same column with the mobile phas€8HH,O
N-demethyl analogue of sambutoxin. (80:20) to give enniatins A18] (19 mg) and B19) (11 mg) as white

N\ . . amorphous residues. The identity of enniatins7y @1 (8), and B1
) Oxysporldl_none 1) suppressed the grO\.Nth éf fumlgf':ltgs (9) was confirmed by comparison with reported physical and spectro-
at low concentrations (Table 3); however, its inability to eliminate

=h T A scopic data®
the fungus completely suggested fungistatic rather than fungicidal ~ Fraction 18 from the first column was chromatographed over silica
activity. Compound3, the 6-hydroxy epimer of oxysporidinone,  gel and eluted with CHG-MeOH (95:5) to yield three fractions.
had only marginal activity againgt. fumigatus Compound<, 4, Fraction 1 was purified using a Luna 1Q¢(2) (250x 21 mm i.d., 10
and 5 were inactive against all test organisms. These results um particle size) preparative column, with the mobile phasg@-

Table 3. Antifungal Activity of Compoundsl, 3, and6—9?2

Candida Cryptococcus Mycobacterium Aspergillus
albicans neoformans intracellulare fumigatus
compound 1Go MIC ICs0 MIC ICso MIC (o) MIC
1 b 35 2.0
3 35
6 0.25 0.78
7 2.0 3.13 3.5 12.5 5.0 50
8 2.0 6.25 4.5 12.5 9.0 50
9 2.0 6.25 9.0 25 15.0
amphotericin B 0.35 1.25 0.45 1.25 NT NT 0.91 1.25
ciprofloxacirf NTC NT NT NT 0.30 0.63 NT NT

2]Cso and MIC (minimum inhibitory concentration) values areug/mL. ® Not active at the highest test concentration ofi&@mL. ¢ NT: not
tested.d Positive control.
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H,0 (80:20), to give compound as a white amorphous residue (16 was calculated and plotted versus test concentration to afford the IC
mg). The second fraction was separated by HPLC using a Luna 10 (sample concentration that affords 50% growth of the organism). The
Cig(2) (250 x 21 mm i.d., 10um particle size) preparative column,  minimum inhibitory concentration (MIC) is defined as the lowest test
with the mobile phase MeOHH,0 (80:20), to givel (21 mg) and3 concentration that allows no detectable growth.

(17 mg). Sambutoxin was isolated from fraction 16 from the first Compoundd—5 were assayed agairisterticillioides andA. flavus
column by preparative TLC on silica gel using CHEMeOH (92:8) using a disk assay described by Alam eXaising captan as the positive
as solvent (31 mg). The identity of this compound was confirmed by control.

comparison with physical and spectroscopic data previously repbrted.
Fraction 17 from the first column was chromatographed over silica
gel, and elution with CHGH-MeOH (95:5) yielded three fractions.
Fraction 2 was purified using a Luna 1Q¢2) (250 x 21 mm i.d., 10

Acknowledgment. This work was supported by the National
Institutes of Health (R21 A1061431-01) and in part by the United States
Department of Agriculture, ARS, Specific Cooperative Agreement No.
um particle size) preparative column, with the mobile phase@NH 58-6408-2-009. The authors sincerely thank Dr. B. Avula for recording
H,O (80:20), to give compound as a white amorphous residue (19 the mass spectra and B. J. Johnson and M. Duke, USDA-ARS, for
mg). their technical assistance in this research.

Dimethyl ketal of oxysporidinone (4):[a]%; —30.6 £ 0.1, CHC});

UV (CHClg) Amax (log €) 216 (3.62), 290 (3.45fH NMR and**C NMR
data, Tables 1 and 2, respectively; HRESITOFM& 536.3573 [M
+ H]* (calcd for GoHsgNO7, 536.3587).

(—)-Oxysporidinone (1): [a]%%; —68.8 € 0.15, EtOH); spectroscopic

data andH—*2C NMR correlations were identical to those previously
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